Background : The psychological characteristics of binge eating have been proposed as a phenotype to further understanding of overconsumption and susceptibility to obesity. This study examined the influence of trait binge eating in lean and overweight or obese women on appetite, food reward and energy intake. Methods : 25 lean and 25 overweight or obese women were categorised as either 'binge type' or 'non-binge type' based on their scores on the Binge Eating Scale. Food reward and food intake were assessed in fasted and fed conditions. Results: Overweight or obese binge types (O-B) consumed more energy than overweight or obese non-binge types (O-NB) and lean binge (L-B) and non-binge types (L-NB). Both L-B and O-B exhibited greater preference for sweet foods. In O-NB, L-B and L-NB, lower liking and wanting for sweet foods was exhibited in the fed condition compared to the fasted condition. However, in O-B wanting for sweet foods was greater when they were fed compared to when they were in a fasted state. Conclusions: These findings provide further support for trait binge eating as a hedonic subtype of obesity. Binge types were characterised by greater intake of high-fat sweet foods and increased wanting for these foods when satiated. Additionally, these findings highlight the potential for separation in liking and wanting for food as a marker of susceptibility to overeat.
Introduction
Overconsumption leading to a positive energy balance is a major determinant of weight gain and obesity. Under laboratory conditions, overweight and obese individuals have been shown to consume more energy in ad libitum eating tasks compared to their lean counterparts, even when hunger is suppressed [1] [2] [3] . Indeed, eating in a state of low (or absent) hunger appears to be a distinct risk factor for overconsumption. Therefore, it is important to consider the mechanisms of eating behaviour in the presence and absence of hunger. Furthermore, within the normal-weight population a number of psychometric traits appear to reliably predict intake of highly palatable food across a wide range of experimental contexts [4] [5] [6] [7] [8] . This relative overconsumption also appears to be independent of any corresponding difference in sensations of appetite [9] .
Food choice and energy intake are often determined by the expectation or experience of pleasure which can be understood in terms of wanting versus liking for food. In human appetite research, liking and wanting are often studied in relation to subjective states that refer to the everyday understanding of these terms. Wanting may describe subjective states of desire, while liking is characteristically understood as the appreciation of a foods sensory properties. Furthermore, liking and wanting for food are not necessarily consciously monitored or accessible to the individual. While people tend to be very good at estimating and reporting their liking for food, they are often unable to accurately gauge their implicit wanting for food (i.e. why they are automatically drawn to one food over another). A review of the literature on liking and wanting suggests that reward-driven eating is characterised by instances where liking and wanting become enhanced or even dissociated and therefore contribute to certain forms of overeating and eating pathology [10] . Indeed, reward-driven eating appears to counteract the effects of satiety [12] and leads to weight gain [13] .
It is unlikely that all obese individuals are characterised by dysregulated food reward, but reward-based risk factors may help to characterise distinct phenotypes that exist within the obese population [14] . Such phenotypes can be examined by measuring liking and implicit (covert) wanting, that when enhanced may lead to greater intake of these foods.
It has been noted that patients with binge eating disorder display patterns of behaviour under experimental conditions that resemble enhanced food wanting [10] . Furthermore, the tendency to binge eat (as a non-clinical phenomenon), has been proposed as a plausible phenotype of obesity [14, 15] . Recurrent episodes of binge eating are estimated to occur in 10-20% of obese individuals [16, 17] and constitute a trait that can be assessed psychometrically and applied to the general population. Importantly, the trait of binge eating occurs in normal-weight, overweight and obese individuals. In a study of non-obese women who varied in their tendency to binge eat according to the Binge Eating Scale (BES) [18] , those with high scores showed a greater intake of high-fat sweet food, compared to those with low scores. In accordance with this finding, those with high scores showed an enhanced implicit wanting for high-fat sweet food combinations, as assessed by a computer-based procedure [4] .
The current study sought to extend previous findings on food reward and food intake by examining individual differences in liking and implicit wanting in relation to both trait binge eating and obesity. Overweight and obese women were age-matched to normal-weight controls and subsequently identified as 'binge type' or 'non binge type' eaters. Food choice and ad libitum food intake along with measures of liking and implicit wanting using a computerised procedure were assessed in fasted or fed states. The study examined the hypothesis that obese 'binge types' would consume more food and display higher liking and implicit wanting for high-fat sweet foods according to their degree of hunger. The issue was whether or not the state of satiety carries a risk for overeating in obese individuals characterised as binge eaters.
Participants and Methods
Participants 25 overweight or obese (age: 25.3 ± 8.9 years, BMI: 30.7 ± 3.4 kg/m 2 ) and 25 lean (age: 27.2 ± 8.3 years, BMI: 22 ± 1.4 kg/m 2 ) females were recruited from the staff and student population at the University of Leeds, UK. Participants were selected from an initial screening process to exclude those who were taking medi-
Design
The study conformed to a between-subjects crossover design with participants randomised to fasted or fed state conditions over two counter-balanced test sessions, separated by a minimum of 7 days. Participants were asked to refrain from eating or drinking anything besides water for 3.5 h after consuming their normal breakfast before the start of the experiment. Participants were also required to attend one morning screening session for which they were required to fast from 10 p.m. the evening before so that accurate measurements of height, weight and waist circumference could be taken. This session was held a minimum of 7 days before the start of the experiment and allowed for the test meal to be calibrated according to individual energy requirements.
Measures Trait Binge Eating
Participants completed the BES [18] at the end of the experimental procedures. The scale is comprised of sixteen items, eight describing the behavioural manifestations and eight describing the feelings and cognitions associated with binge eating. Each item consists of three to four descriptive statements that increase in severity (e.g. 'I don't have any difficulty eating slowly in the proper manner' to 'I have the habit of bolting down my food without really chewing it. When this happens I usually feel uncomfortably stuffed because I've eaten too much') . Participants are required to select which statement from each of the sixteen items is most descriptive of them. Scores are summed to produce a total score ranging from 0-46. Cut-off points have previously been reported denoting mild ( ≤ 17), moderate (18) (19) (20) (21) (22) (23) (24) (25) (26) and severe ( ≥ 27) binge eating behaviour [20] . The BES has been shown to have good internal validity, with a Cronbach's alpha of 0.89 [21] and good testretest reliability [22] .
Anthropometrics
During the screening session, standing height without shoes was measured to the nearest 0.5 cm using a stadiometer. Body weight was measured using an electronic balance and recorded to the nearest 0.1 kg. Waist circumference (cm) was measured 1 cm above the top of the participants' naval after expiration.
Subjective Appetite Sensations
Subjective appetite sensations were measured using 100-mm visual analogue scales (VAS). Measures of hunger ('how hungry do you feel now?') and fullness ('how full do you feel right now?') were anchored at each end with the statements 'extremely' and 'not at all.' Ratings of prospective consumption ('how much food could you eat right now?') and desire to eat ('how strong is your desire to eat?') were anchored at each end by 'none at all' and 'a very large amount' and 'not very strong' and 'very strong', respectively. VAS have been shown be sensitive to experimental manipulations and have good test-retest reliability [23] .
Food Reward: Explicit Liking and Implicit Wanting for Food
Explicit liking and implicit wanting for food were assessed by the Leeds Food Preference Questionnaire (LFPQ). This computerised tool has been widely used in previous research [24] [25] [26] and is described in more detail elsewhere [4] . The LFPQ assesses explicit liking and implicit wanting for food using photographic stimuli. Stimuli comprise common food items categorised according to fat content (high or low) and taste (sweet or non-sweet). To measure explicit liking, participants were required to rate 'how pleasant would it be to taste some of this food now?' on a 100-mm VAS. The ratings for each food item were averaged for each food type. To measure implicit wanting, a forced choice methodology was used in which an image from a given type was paired against every other image over 96 trials. Participants were required to respond according to the prompt 'which food do you most want to eat now?' as quickly and as accurately as possible, and reaction times were covertly measured. This measure provides a covert, non-verbal indication of the implicit motivational value of the foods in the task [27, 28] . To increase statistical reliability and adjust for individual variability in overall time spent on the task, reaction times were transformed to a standardised ' d -score' (D-RT) using a validated algorithm [29] , the procedure for which is described in greater detail elsewhere [4] . A greater implicit wanting score is indicative of a faster relative reaction time for that food type.
Test Foods Fixed Energy Lunch Test Meal
To ensure fasted and fed conditions, the study involved consumption of a fixed energy test meal (cheese sandwich and strawberry yoghurt), individually calibrated to meet 25% of participants' daily energy requirements. Daily energy requirements were calculated using the Schofield equations [30] for basal metabolic rate multiplied by physical activity level from self-reported frequency and mode of exercise performed per week. The macronutrient content of the test meal was 32% carbohydrates; 21% protein; 47% fat. Participants ate alone in an experimental cubicle, and foods were served at the same time across conditions. Participants were required to consume all of the food that was provided to them. Food was measured to the nearest 0.1 g, and energy values were determined using food tables and manufacturer labelling.
Ad libitum Food Intake Task
Participants were presented with six pre-weighed bowls of palatable high-fat ( ≥ 40%) snack foods, chosen to be either sweet (milk chocolate, chocolate finger biscuits and cookies) or non-sweet (ready salted crisps, salted peanuts and flavoured tortilla chips). The foods were broken into irregular, bite size pieces. Participants received 60-90 g of each of each food to match for perceived quantity. Participants' acceptance of all study foods was assessed during initial screening. All foods were presented at the same time, and participants were asked to taste and rate each item on a number of sensory qualities including blandness, saltiness and sweetness using 100-mm VAS. They could rate the foods in any order and were informed they could consume as little or as much as they wanted of each item. Participants were informed that their preferences and how much they wanted to eat would be assessed at the start of the task. Foods were removed after 10 min, and each bowl was weighed so that energy intake (grams and kilocalories) could be calculated.
Procedure
Participants attended the research unit for one screening visit having fasted overnight and two lunchtime visits having fasted for at least 3.5 h following their normal breakfast ( fig. 1 ). During the screening visit, participants' height, weight and waist circumference were measured. In the fasted condition, participants completed a measure of food reward (LFPQ), followed by the ad libitum food intake task. In the fed condition, the procedures were identical except that participants first consumed the fixed energy test meal to reduce levels of hunger and a period of 10 min passed following consumption of the test meal to the start of the LFPQ to allow for participants to feel full. Participants completed ratings of subjective appetite at the beginning of each test session and after each event in the procedure. On a separate day following their laboratory visits, participants completed a questionnaire booklet containing the BES. They received written and verbal debriefing and were compensated for their time before leaving the study.
Data Analyses
Data were analysed using SPSS version 18 for Windows and presented as means with standard error. Data from 4 participants (2 overweight or obese and 2 lean subjects) were excluded from analyses as they later confirmed they had not complied with the study fasting procedures.
The effects of hunger condition (fasted or fed state) and weight group (lean and overweight or obese) on appetite variables were assessed by mixed-model analysis of variance (ANOVA). Therefore, sensations of appetite measured at 4 time points were examined by 2 × 2 × 4 mixed ANOVA. To examine the influence of trait binge eating on energy intake and food hedonic variables, ANCOVA were used with trait binge eating scores examined as a covariate. Therefore, food intake selection according to hunger condition, taste (nonsweet or sweet) and BMI group (lean or overweight/obese) were examined by a 2 × 2 × 2 ANCOVA, and food hedonics according to hunger condition, category (high-fat savoury, low-fat savoury, high-fat sweet and low-fat sweet) and BMI group were examined by a 2 × 2 × 4 ANCOVA. For analyses where significant interactions between outcome variables and trait binge eating were revealed, these effects were further examined by dividing participants into groups according to BMI (lean and overweight/obese) and binge status (bingetype or non-binge type) following a median-split of scores on the BES ( table 1 ) . Where appropriate, Greenhouse-Geisser probability levels were used to adjust for non-sphericity. Post-hoc analyses were conducted on significant interactions using the Bonferroni correction. An α-level of 0.05 was used to determine statistical significance.
Results

Subjective Appetite Sensations
Appetite responses to the test meal were analysed to check that participants underwent measures in a fasted and a fed state. Baseline ratings of hunger, fullness, desire to eat or prospective consumption did not significantly differ in the fasted (66.28 ± 3.00, 18.13 ± 2.49, 66.80 ± 3.27 and 61.96 ± 2.62, respectively) or the fed condition (66.17 ± 2.98, 19.89 ± 2.35, 66.87 ± 2.79 and 62.91 ± 2.94, respectively). As expected, the test meal caused a significant reduction in hunger, with participants reporting higher levels of hunger before completing the LFPQ and the ad libitum intake task in the fasted condition (66.28 ± 3.00 and 76.46 ± 2.77, respectively) than in the fed condition (21.07 ± 2.27 and 31.80 ± 3.19, respectively) (F (3, 135) = 65.15, p < 0.001). The results were similar for fullness (p < 0.001), desire to eat (p < 0.001) and prospective consumption (p < 0.001). There were no significant differences between overweight or obese and lean participants' self-reports of hunger, fullness, desire to eat or prospective consumption. Fig. 1 . Study design. Following initial screening, participants were randomly assigned to complete either the fasted or fed condition first; these had a wash-out period of 7 days. The fixed energy lunch was consumed before completing the tasks in the fed condition, and after the fasted condition. Subjective ratings of appetite were taken at the start and after each event in the procedure. Participants completed the BES on a separate day at the end of the experiment. 1LFPQ.
Ad libitum Energy Intake and Food Choice
Participants consumed ad libitum significantly more energy in the fasted condition (444.47 ± 27.41) than in the fed condition (349.23 ± 23.93; t (45) = 4.395, p < 0.001). There was a main effect of food type on energy intake with participants consuming a greater proportion of sweet foods than non-sweet foods in both conditions (F (1, 45) = 23.59, p < 0.001). There was no effect of condition on type of food consumed. Overweight or obese participants consumed more energy than lean participants in both fasted (499. 21 There were no differences in food choice (consuming sweet or non-sweet foods) between overweight or obese and lean participants.
Effect of Binge Eating Subtypes on Food Intake and Appetite Variables
Characteristics of age, BMI and waist circumference according to level of trait binge eating were compared ( table 1 ). Binge eating score was significantly higher in obese binge types (O-B) and lean binge types (L-B) compared to obese non-binge types (O-NB) and lean non-binge types (L-NB), respectively. There were no differences in BMI or waist circumference between the two lean groups. Compared to O-NB, O-B had a larger waist circumference (t (20) = 2.098, p < 0.05), but there was no difference in BMI.
Subjective Appetite Sensations
There were no significant differences between binge types in self-reported hunger, fullness, prospective consumption and desire to eat according to hunger condition (F (9, 126) = 1.39, p > 0.05; F (9, 126) = 1.11, p > 0.05; F (9, 126) = 1.19, p > 0.05; and F (9, 126) = 1.03, p > 0.05, respectively) (see table 2 
Food Choice and Intake
The influence of trait binge eating on ad libitum energy intake was analysed for overall energy intake and intake according to taste (sweet or non-sweet) ( fig. 2 ). There was an interaction between condition and trait binge eating (F (1, 43) = 4.54, p < 0.05), taste and trait binge eating (F (1, 43) = 12.93, p < 0.001) and a three-way interaction between condition, taste and trait binge eating (F (1, 43) = 6.21, p < 0.02). To further explore these interactions and to consider the influence of trait binge eating on energy intake and food choice in lean and overweight or obese participants, participants were divided according to binge status identified using the BES to distinguish four groups: O-B, O-NB, L-B and L-NB. O-B consumed more energy overall in the fasted and fed conditions compared to the O-NB and both lean types (F (3, 42) = 4.61, p < 0.01). There was no significant difference in overall energy intake between O-NB, L-B and L-NB. A significant binge type by food type interaction (F (3, 42) = 5.86, p < 0.001) revealed that O-B and L-B consumed more energy from sweet foods than O-NB and L-NB, indicating that both binge types showed a preference for high-fat sweet foods. Additionally, a three-way interaction between hunger condition, food type and binge type (F (3, 42) = 3.65, p < 0.02) revealed that O-B consumed more energy from sweet foods when fasted compared to the other subtypes.
In summary, overweight or obese participants consumed more energy ad libitum compared to lean participants in both fed and fasted states. However, when the influence of trait binge eating on energy intake and food choice was analysed, a greater intake of sweet foods was evident in O-B and L-B types, and greater overall energy intake (by approximately 30%) was observed in the O-B type.
Explicit Liking and Implicit Wanting
Analysis of explicit liking revealed that O-B had a higher explicit liking for all foods compared to O-NB (F (3, 42) = 3.23, p < 0.03). There was also a significant interaction between binge type and food type with greater explicit liking for high-fat sweet foods in O-B and L-B in both conditions (F (9, 126) = 2.24, p < 0.02). For both O-B and O-NB, explicit liking for food was higher in the fasted condition compared to the fed condition (F (1, 42) = 46.07, p < 0.001) ( fig. 3 a) .
For implicit wanting, a significant interaction between binge type, food type and hunger condition on the pattern of implicit wanting was shown (F (3, 126) = 2.29, p < 0.02). When this interaction was probed, it revealed that O-B had enhanced implicit wanting for high-fat sweet foods when fed compared to O-NB; and that implicit wanting for this food type was higher in O-B in the fed condition compared to the fasted condition, whereas the opposite pattern was present in O-NB ( fig. 3 b) .
Discussion
The present study examined food reward and food intake during fasted and fed states according to individual differences in BMI (overweight or obese and lean) and trait binge eating (binge type or non-binge type). We hypothesised that O-B would consume more food and display higher liking and wanting for high-fat sweet foods than O-NB according to their degree of hunger.
The manipulation of hunger state was effective, with all participants reporting higher levels of hunger in the fasted condition compared to the fed condition. Consistent with this, participants consumed more energy in the fasted than in the fed state. The effect of hunger on explicit liking and implicit wanting was in accordance with previous research [27] . Explicit liking for all food was greater in the fasted condition compared to the fed condition, with a smaller decrease in liking for sweet compared to savoury foods. Participants' implicit wanting for non-sweet foods, but not for sweet foods, decreased following the test meal.
Consistent with previous research [1] [2] [3] , we found that age-matched overweight and obese women consumed more energy compared to lean controls. Furthermore, intake was greater independent of whether participants were fasted or fed. It is important to note that these differences in intake were not due to increased levels of hunger experienced by the overweight and obese individuals, as we found no differences in self-reported appetite sensations. Indeed, one strength of the current study was that the test meal was individually calibrated to provide 25% of daily energy requirements, accounting for differences in basal energy needs of obese and lean individuals.
When the influence of trait binge eating was examined, only O-B were shown to consume more energy compared to the other types. The increase in energy intake observed in O-B was mostly accounted for by a greater consumption of sweet foods. A similar preference for high-fat sweet foods was also evident for the L-B, although this was not associated with greater overall energy intake. These findings are consistent with previous findings in nonobese women [4] . Additionally, these findings are consistent with previous research showing that, compared to obese controls, obese individuals with binge eating disorder consume more energy in ad libitum eating tasks [31] [32] [33] [34] .
Interestingly, O-B had a larger waist circumference than O-NB, but there was no difference in BMI. To our knowledge, a greater waist circumference in this obese subtype has not been reported previously, and therefore confirmation is needed. However, elevated waist circumference from central adiposity in O-B may enhance their risk of obesity-related health problems [19, 35] .
In addition to examining food intake and food choice, this study investigated the role of underlying reward processes by comparing measures of explicit liking and implicit wanting in lean and overweight or obese binge types. We found that O-B had an enhanced liking for all foods when compared to O-NB, under fed and fasted conditions. Research investigating a link between enhanced liking for foods and susceptibility to gain weight has been inconsistent to date. Blundell et al. [36] found that individuals who were overweight or obese, and habitually consumed a high-fat diet, rated food as more pleasant compared to those consuming a similar diet but were lean, but other research has reported no differences between obese and lean individuals' liking for food [3, 37] . However, the tendency to binge eat has more consistently been shown to be associated with enhanced liking. Davis et al. [14] demonstrated that individuals with binge eating disorder were more likely to have the 'gain of function' G allele of the OPRM1 gene. The OPRM1 gene encodes for the mu-opioid receptor, and opioid transmission has been proposed to underpin the liking component of reward [38] [39] [40] . Furthermore, individuals with the G allele are proposed to have a higher liking for high-fat sweet foods [41] .
In addition to enhanced liking for food in O-B, we also found evidence for dissociation between explicit liking and implicit wanting for high-fat sweet food according to hunger state. In O-B, explicit liking for high-fat sweet foods was lower in the fed condition, whereas implicit wanting for those foods was greater in the fed condition compared to the fasted condition. This apparent separation of liking and wanting was not evident in O-NB, whose wanting and liking for high-fat sweet foods were both lower in the fed condition compared to fasted condition (also observed for lean participants). These findings that the binge subtype has increased implicit wanting for high-fat sweet foods are also consistent with previous research [4] . Additionally, Nasser et al. [42] reported that obese individuals with binge eating disorder (compared to healthy obese or lean subjects) showed increased motivation for food when satiated but not when hungry. This increased drive for high-fat sweet foods when satiated could be a marker of reward sensitisation in these individuals, which would convey a risk for further weight gain [43] .
Although the present study carried a number of strengths, there were also some limitations to consider. First, the sample consisted of females recruited from or near a University campus; therefore, the applicability of the findings to the wider population may be limited. However, steps were taken to ensure that those recruited consisted of an equal ratio of student and non-student women. Furthermore, as the study was only conducted in females, it would be necessary to conduct further research to examine whether the findings also generalise to males. One strength of this study was that it was conducted in a controlled setting and that there was a wash-out period of at least 7 days between conditions. However, with this increased control and precision over study variables, the laboratory setting may also reduce the applicability of the findings to the free-living environment. Lastly, the sample size used in the current study poses a potential limitation to the interpretation of the results, and further replication is necessary to substantiate the novel findings.
In summary, the current study provides further evidence that trait binge eating forms part of a 'hedonic subtype' characterised by a behavioural profile of enhanced liking and implicit wanting for food. The key finding is the emergence of differences among the groups according to level of hunger. Under conditions where hunger was reduced (in the fed condition) the O-B individuals showed an enhanced implicit wanting for high-fat sweet foods compared to when fasted. Therefore, this particular condition may constitute a period of high risk for overeating in obese individuals with high binge eating scores. Identification of traits and behaviours that increase an individual's vulnerability to overeat may help to optimise treatment strategies for weight loss or prevention of weight gain. Additionally, the distinct pattern of preference for sweet foods observed for the lean binge type may have implications for the control of food intake in such individuals [e.g., 44 ] . The outcome demonstrates that food reward influences the control of food intake in both fed and fasted states. Additionally, the findings highlight the value of distinguishing between explicit liking and implicit wanting for food and for studying their status as risk factors for reward-driven overeating. Dissociation of liking and implicit wanting for specific food types could provide a marker for distinct patterns of eating behaviour in obesity [10] .
